INTRODUCTION
So-called "yolk nuclei" or "Balbiani bodies" have been depicted on innumerable occasions in oocytes, including those of the insects (cf., 29, 34) . Such structures consist of one or more localized areas of the ooplasm which stain basophilic, are Feulgennegative, and are frequently characterized as resulting from nuclear or nucleolar "emissions (cf., 34) ." During the course of oocyte growth in the dragonfly, as well as in certain other insects, the "yolk nuclei" have been described as increasing in size in the cytoplasm, migrating to the corti-. .al ooplasm, and subsequently fragmenting into smaller, more numerous masses (13) . In some in-R . G . KESSEL and H . W . BEAMS From the Department of Zoology, the University of Iowa, Iowa City, Iowa 52240 ABSTRACT Annulated membranes in the form of single and short lamellae are present adjacent to and parallel to the nuclear envelope in oogonia and early oocyte (synaptene) stages of the dragonfly, Libellula pulchella . These solitary and short annulate lamellae are usually continuous with long, part rough-and part smooth-surfaced cisternae which extend into more distal areas of the oogonial ooplasm . These particular annulate lamellae then either disappear or decrease in number to be replaced by a much more extensive system of annulate lamellae in the cortical ooplasm of previtellogenic oocytes. The differentiation of extensive stacks of annulate lamellae is consistently observed to be restricted to large cytoplasmic areas of considerable electron density . These cytoplasmic regions consist of material which stains basophilic and contains RNA but differs structurally from the large number of ribosomes which surround the dense masses . The cytoplasmic dense masses, in terms of their formation and staining reactions, are comparable to the "yolk nuclei" or "Balbiani bodies" described in insect oocytes in earlier studies . The results of the present study thus provide evidence that the appearance of cortical ooplasmic stacks of annulate lamellae in the dragonfly oocyte is specifically limited to cytoplasmic areas of high electron density which contain RNA but which do not have a ribosomal morphology . sects they were portrayed as then transforming into yolk material (13) , although more recent studies have shown this conclusion to have been erroneous (cf., 4, 42) .
Annulate lamellae constitute a class of cytomembranes which structurally resemble the nuclear envelope in many respects and are widely distributed in germ, somatic, and tumor cells (cf., 22 for review) . Certain details in the apparent origin, structure, and distribution of these cytomembranes suggest that they may have nuclear materials associated with them and thus play an important role in cytoplasmic regulation, differentiation, and growth (cf. [16] [17] [18] [19] [20] [21] [22] .
The present study is concerned with the characterization of a heretofore unique relationship between "yolk nuclei" and the differentiation of annulate lamellae, a relationship which provides more substantial evidence that the differentiation of these cytomembranes, and perhaps their subsequent activity as well, are directly influenced by nuclear materials .
MATERIALS AND METHODS
The organisms used in this investigation, Libellula pulchella, were collected during the months of May through August . The female dragonflies were either injected with the primary fixative or the ovarioles were excised and placed into the fixative which consisted of an ice-cold, 3% solution of glutaraldehyde (38) in 0 .1 M phosphate buffer (pH 7 .2) . Before fixation, some of the dragonflies were injected with 0.1 ml of a 3% solution of horseradish peroxidase (Type II, Sigma Chemical Co., St . Louis, Mo.) in insect Ringer's . After durations of 15 or 30 min, the ovarioles were excised and fixed as indicated above . Following fixation in glutaraldehyde for periods of 1-3 hr, the ovarioles were rinsed in several changes of ice-cold, 0 .1 M phosphate buffer (pH 7 .2) for a period ranging in length from several hours to overnight . Individual ovarioles previously exposed to the peroxidase were then incubated with agitation for 20-30 min at 25°C in 10 ml aliquots of Karnovsky's medium (10, 15) . Controls consisted of incubation in which substrate or H202 was omitted from the medium . The ovarioles were then postfixed for 1-2 hr in an ice-cold, 1 % solution of osmium tetroxide (33) in 0.1 phosphate buffer (pH 7 .2) . The ovarioles were rapidly dehydrated in ascending series of cold ethanols, treated with propylene oxide, infiltrated, and then embedded in Epon 812 (28) . The tissues were sectioned with a Porter-Blum ultramicrotome equipped with a diamond knife. The sections were placed on grids and stained with uranyl acetate (44) and lead citrate (36) . The sections were studied and photographed in an RCA EMU-3G electron microscope .
For light microscopy, sections of Champy's-fixed ovaries were stained with Heidenhain's iron hematoxylin . Sections of Bouin's-fixed ovaries were stained with hematoxylin and eosin as well as with mercuric bromphenol blue (30) . Sections of ovaries fixed in either Carnoy's fluid or 10% neutral buffered formalin were stained with the Korson's technique (27) for the demonstration of nucleic acids . Similarly fixed sections were also stained, some of them after ribonuclease digestion, with acidic toludine blue O and Iethylene blue (43) also for the demonstration of 1 8 6 THE JOURNAL OF CELL BIOLOGY . VOLUME 42, 1969 nucleic acids . 1 µ-thick Epon sections of glutaraldehyde-fixed oocytes were methylene blue (37) .
RESULTS stained with azure II and
The dragonfly ovary is composed of numerous ovarioles, each of which is characterized as the panoistic type . Such ovarioles lack special nurse cells or trophocytes, and the follicular envelope represents the only trophic tissue present (cf., 6) . Previous electron microscope studies have demonstrated that the follicle cells of the dragonfly ovariole produce the egg envelopes (4) . For further details regarding the structure of the dragonfly ovariole, the reader is referred to the article by Beams and Kessel (4) .
Oogonia
The oogonia are clustered in the proximal portion of the ovariole designated as the germarium . The cells measure approximately 6-8 µ in diameter and contain large nuclei which occupy nearly four-fifths of the total cell volume (Fig . 3) . At this stage, the nucleolar material is in a dispersed state (Figs. 1-3) , a condition which is in contrast to the presence of large and complex nucleoli in growing oocytes . In many cases small masses of nucleolar material abut against the inner layer of the nuclear envelope (Figs . 1-3 ) . The cytoplasm of oogonia contains several small but irregularly shaped areas which differ from the surrounding, more particulate-appearing ooplasm (Fig . 1) . These areas are composed of a homogeneous but amorphous material which is slightly more electron opaque than the surrounding ribosomes (Figs . 7-9 ) . These dense cytoplasmic masses resemble the dispersed nucleolar components in their structure and electron density . Such localized areas of the ooplasm probably represent early stages in the formation of the "yolk nuclei ."
Annulate lamellae are occasionally observed in oogonia where they are consistently located close to the nucleus, and are positioned in the ooplasm 70-80 mµ away from the outer layer of the nuclear envelope (Figs . 6, 7, 9 ) . In some instances, such annulate lamellae are continuous with nonannulated cytoplasmic lamina which extend into more distal regions of the ooplasm (Fig. 4) and which are usually devoid of attached granules . The relationship demonstrated in Fig . 4 suggests that an individual cytoplasmic membranous lamina may be regionally transformed into an annulate lamella FIGURE 1 Portion of two oogonia in germarium . Small cytoplasmic mass (CM) probably represents early stage in formation of "yolk nuclei ." Note structural similarity between the cytoplasmic mass and the dispersed nucleolar elements (NL) . X 19,000 . FIGURE 2 Fibrous-appearing nucleolus (NL) adjacent to inner layer of nuclear envelope . Note continuity of nucleolar material with nuclear pore (arrows) . Cytoplasm (C) . X 50,000. FIGURE 3 Cluster of oogonia in germarium of ovariole . Dispersed nucleolar material (NL) in nuclei. Two of the oogonia are stained black due to accumulation of peroxidase . Continuity between these two oogonia is evident at (C) . Observe, however, that the peroxidase is restricted from the compartments of the Golgi complex (GA), mitochondria (M), and endoplasmic reticulum (ER) . The unlabeled arrows direct attention to regions in which the outer layer of the nuclear envelope appears continuous with cytoplasmic laminae of the endoplasmic reticulum . X 13,600 . when a portion of the lamina comes in close apposition to the nuclear envelope . Similar characteristics of structure and density appear to be shared by the material associated with the pores of the nuclear envelope and the annulate lamellae as well as the dispersed nucleolar material and cytoplasmic dense masses (Figs. 2, 6, 9 ) .
When the ovarioles are exposed to hemolymph containing horseradish peroxidase, a number of oogonia consistently become blackened due to the accumulation of large amounts of this protein . In such preparations, the cytoplasmic connections between oogonia are clearly observed (Fig . 3) . Such preparations also demonstrate clearly that many of the long cytoplasmic laminae previously described may be continuous with the outer layer of the nuclear envelope (Fig. 3) . The peroxidase is, however, consistently restricted from the internal compartments of the mitochondria, Golgi complexes, and the cytoplasmic laminae (Fig . 3) . On the other hand, the peroxidase can be demonstrated within pinocytotic vesicles of oogonia and oocytes (Figs . 9, 17) .
The annulate lamellae present in the perinuclear ooplasm of oogonia and early oocyte stages are characteristically single or solitary in occurrence . Thus, extensive stacks of annulate lamellae are never observed in these early stages ; however, the solitary and perinuclear annulate lamellae disappear or decrease in number during subsequent periods of oocyte growth since they are rarely observed in such oocytes .
The paired centrioles of the oogonium are illustrated in Fig . 5 . Here it can also be noted that they occupy a position in the ooplasm close to the nuclear envelope . The triplet microtubules comprising the wall of the centriole are clearly evident in Fig . 5 , and this centriole is surrounded by a halo of a homogeneous-appearing material of appreciable electron opaqueness .
8 8 Previtellogenie Ooeytes
Growing oocytes, ovoid in shape and 10-12,u at their maximum width, are characterized by the presence of one or more densely stained cytoplasmic mass (Fig . 10) . In early oocyte stages, the cytoplasmic bodies are frequently 1-2 .s in diameter . With the Korson technique (27), the cytoplasmic dense masses stain blue, as do portions of the nucleoli, indicating the presence of ribonucleic acid (Fig . 10) . The presence of RNA within the cytoplasmic bodies is further attested by their appearance when stained with methylene blue and toluidine blue O . However, prior treatment of the sections with ribonuclease decreases their staining intensity. The cytoplasmic masses also stain with mercuric bromphenol blue and they are especially well displayed in Champy's-fixed oocytes stained with Heidenhain's iron hematoxylin . Thus, on the basis of both their size and their staining reactions, the cytoplasmic dense masses are comparable to the "yolk nuclei" described by earlier investigators (6, 29, 34) in light microscope preparations of insect oocytes. As the oocytes increase in size, the basophilic bodies also increase in size and number . They eventually assume a cortical position in the ooplasm (Fig . 12 ) . However, with further growth of the oocyte the basophilic bodies decrease in size, presumably through fragmentation, but remain predominantly positioned in the cortical ooplasm (Fig . 13) .
The fine structure of the cytoplasmic dense masses is illustrated in Fig . 11 which is a stage similar to that illustrated in the photomicrograph of Figure 10 . The cytoplasmic dense mass appears finely granular and compact . As a result it is much more electron opaque than the more loosely organized ribosomes located in abundance around the dense masses . The structural distinction between the finely granular nature of the cytoplasmic All figures are of oohonia . Dispersed nucleolar material at (NL) in Fig . 4 and 6-9 . Cytoplasmic masses (CM) and nucleolar material in Figs. 7-9 exhibit similarities. Single annulate lamellae (AL) adjacent to the nuclear envelope in Figs . 4, 6, 7, and 9 . Note structural similarity between the material associated with pores of nuclear envelope and annulate lamellae (arrows) and the material of the nucleolar (NL) and cytoplasmic masses (CM) . Observe continuity of annulate lamellae (AL) with a non-annulate, membranous laminia (L) in THE JOURNAL OF CELL BIOLOGY . VOLUME 42, 1969 dense masses and the ribosomal morphology of the surrounding ooplasm remains apparent during the cortical migration and fragmentation of the basophilic bodies (Figs . 14, 15) .
After the fragmentation of the dense, cortical masses into smaller packets, specialized membrane systems which can be recognized as annulate lamellae begin to appear within the cortical masses which contain RNA (Figs . 16, 17 ) . An apparent initial stage in the differentiation of annulate lamellae within a dense cortical mass is illustrated in Fig . 16 . In this case, portions of three pores or annuli are apparent within that portion of the membrane which is within the dense mass . However, that portion of the membranous lamina which extends into the adjacent ooplasm is nonannulate . Stages illustrating the progressive filling of the dense, cortical masses with annulate lamellae are provided in Figs. 17-25 . The dense masses within which the annulate lamellae appear exhibit a variety of configurations . The progressive increase in number of annulate lamellae within the dense masses does not, however, appear to be precisely regulated . Thus, in ovoid dense masses, annulate lamellae may be present at either end of the structure (Fig . 17) . In triangular shaped masses, the annulated membranes may appear in 3 different regions (Fig . 22) . In other cases, the distribution of annulate lamellae within the cortical dense masses appears even more haphazard (Figs . 18-21 ) . However, it does appear that the differentiation of annulate lamellae in many cases proceeds from the periphery toward the interior of the dense mass . During the differentia-1 90 tion of annulate lamellae, short membranous segments continuous with the annulate lamellae may extend into the surrounding ooplasm, but they are never annulate (Figs. 16, 20) . Structures which appear to represent single pores or annuli can be observed within the dense cortical masses during early stages in the differentiation of annulate lamellae (Figs . 18, 19) .
The cortical dense masses within which annulate lamellae differentiate can be recognized in Epon sections 1 µ thick which have been stained with azure II and methylene blue . The dense masses stain blue as do large whorls of endoplasmic reticulum which are present in the distal cytoplasm of associated follicle cells . Lines can be observed to traverse many of the dense masses under these conditions, and these lines probably represent individual annulate lamellae . With this treatment, the lamellae generally stain somewhat darker blue than does the surrounding dense mass .
In many of the cortical masses within which annulate lamellae are in the process of differentiating, the basophilic material may be organized into regions of two different electron densities . Such a condition is illustrated in Fig . 18 in which case the material comprising the two different densities is contiguous. More frequently, however, that portion of the basophilic mass which possesses the greater electron density is spherical in shape and separated from the remainder of the basophilic mass by a narrow rim of cytoplasm (Figs. 20, 21, 24) ; the latter can be identified by the loosely packed ribosomes comprising it . The significance of the variation in electron density of FIGURE 10 Photomicrograph of young oocytes . Dense, cytoplasmic masses (arrows) are present which stain similar to portions of the nucleolus (NL) . Carnoy's fixative, Korson's stain . X 4000 . FIGURE 11 Electron micrograph of oocyte in a similar stage as that illustrated in Fig . 10 . A large, dense mass (DM) is present in the perinuclear ooplasm and is surrounded by numerous ribosomes (R) . A portion of the nucleolus (NL) is present in the nucleus (N) . X 11,900 . FIGURE 12 Photomicrograph of oocyte illustrating the large nucleolus (NL) in the nucleus and several large, densely stained masses (DM) in the cortical ooplasm . Champy's fixation, Heidenhain's iron hematoxylin stain . X 3400 . FIGURE 13 Photomicrograph of section through larger oocyte following the fragmentation of the cortical dense masses . Two small masses in the cortical ooplasm are identified (arrows) in this section. Follicle cell layer (FC) . Champy's fixation, Heidenhain's iron hematoxylin stain. X 3400 .
THE JOURNAL OF CELL BIOLOGY . VOLUME 42, 1969 FIGURES 14-15 Electron micrographs of cortical masses similar to those present in Fig . 13 . Note the finely granular nature of the dense masses (DM) which differ from the surrounding ribosomes (R) . Membranous laminae (L) are present in the ooplasm in Fig . 14 . Peroxidase is present in the perivitelline space (PS) and the intercellular space (IS) between adjacent follicle cells (FC) . Figs . 14 and 15, X 34,000 . FIGURE 16 Dense, cortical mass penetrated by single membranous lamina (L) . The portion of the membrane within the dense mass (DM) is annulate (AL), but is nonannulate as it extends into the surrounding ooplasm . Ribosomes (R) . X 50,000 . the basophilic masses during the differentiation of annulate lamellae within them is not clear . Conceivably, such a condition may represent variations in composition or organization of the basophilic material. Alternatively, such accumulations may represent new material synthesized by the differentiating basophilic masses . In some cases, smaller areas of increased electron density also are associated with the differentiating annulate lamellae within the cortical masses (Fig .  19) .
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THE JOURNAL OF CELL BIOLOGY • VOLUME 42, 1969 Eventually, the basophilic cortical masses become completely filled with annulate lamellae (Figs . 25, 27 ), a process which is largely completed during the early stages of vitellogenesis . As the number of annulate lamellae reaches a maximum for each stack, the ordered arrangement of the lamellae, characteristic of that observed in other cell types, becomes established (Fig . 27) . lamellae, regardless of cell type, always differs structurally from the surrounding ooplasm (22) . The differentiated stacks of annulate lamellae persist throughout vitellogenesis and, while many of them remain preferentially located in the cortical ooplasm, a few are found in deeper areas of the ooplasm .
A stack of annulate lamellae in a vitellogenic oocyte is illustrated in Fig . 27 . In this particular instance the lamellae comprising the stack are closely aligned, in the sense that the interlamellar spacing is quite uniform . Ooplasmic ribosomes are restricted from the stack of annulate lamellae . Terminal connections between adjacent lamellae are established by short segments of smooth-surfaced membranes . Another condition sometimes encountered is illustrated in Fig . 26 . In this case, those two annulate lamellae at opposite ends of the stack are continuous with each other via rough-surfaced endoplasmic reticulum which forms an extensive loop in the adjacent ooplasm . A similar condition holds with respect to the remaining annulate lamellae in the stack . Thus, there is often an ordered relationship between the annulate lamellae and the endoplasmic reticulum which permits a precise interconnection between the two membrane systems following differentiation of the annulate lamellae .
The structure of the material comprising the cortical basophilic bodies and the interlamellar material of completely formed stacks of annulate lamellae is illustrated in Figs . 28 and 29 and in the inset of Fig . 27 . From these micrographs, it appears that two small components contribute to this density . One of these components consists of small, dense granules most of which range from 40-70A in diameter. The second component is a thin filament which is less than 40A in width . The close packing, and perhaps interconnection of the two structural components, appears to be R. G. KESSEL AND 111 . W. BEAMS Annulaie Lamellae in Oocytes 1 9 4 FIGURE 18 Cortical dense mass (DM) with several randomly arranged annulate lamellae (AL) within it . What appears to be a section of a single annulus or pore is indicated at the unlabeled arrow . A region of increased density in the mass is indicated at (D) . Cytoplasmic laminae (L), ribosomes (R), follicle cells (FC) . X 25,000 . FIGURE 19 Stage in the differentiation of annulate lamellae (AL) within a dense cortical mass (DM) . A region of increased density is associated with the annulate lamellae at (D) . Single pores or annuli are indicated at (A) . Polysome configurations (arrows) and ribosomes (R) surround the differentiating dense mass . X 34,000 . responsible for the homogeneous appearance of this material in lower magnification electron micrographs .
During the origin, migration, and fragmentation of the "yolk nuclei", the ooplasm is characterized by numerous ribosomes, mitochondria, packets of microtubules, Golgi complexes, membrane-bounded inclusion bodies, and membranous laminae of variable length ; the last apparently represent the membranous component of the endoplasmic reticulum (Figs . 14, 18) . The individual membranous laminae are, in fact, widely distributed throughout the ooplasm and appear similar to those membranes which exhibit con-THE JOURNAL OF CELL BIOLOGY • VOLUME 42, 1969 tinuity with annulate lamellae differentiating within the cortical basophilic bodies .
Most structural components of the ooplasm are restricted from the dense masses both before and during the differentiation of annulate lamellae within them, a condition which indicates that the dense masses are tightly compacted . However, at least one microtubule is frequently observed to penetrate the dense masses (Fig . 22) . Such a condition may provide a means for the movement or the support of the cortical, basophilic masses. During the differentiation of annulate lamellae, polysome-like configurations are frequently present surrounding the dense, cortical masses (Fig. 19) . In several instances, it has been speculated that the material comprising the annular material of nuclear pores may represent a form of "stored It is well documented that large amounts of RNA accumulate in the cytoplasm during initial stages of oogenesis (6, 29, 34) , and the movement of materials from the nucleus to the cytoplasm has been described in cytological, cytochemical, and electron-microscopic studies (1, 3, 19, 20, 25, 26, 41) . In some cases, nucleolar material or portions thereof appears to be transferred from the nucleus to the cytoplasm (20, 25, 26) . As in other oocytes, large amounts of RNA accumulate in the cytoplasm during early stages of oogenesis in the dragonfly. However, it is apparent that in the dragonfly the RNA exists in at least two . Note the appearance of the dense masses and the regions in which annulate lamellae are located. In Fig. 92 , two annulate lamellae appear to be connected with a nonannulated membrane which forms a loop (L) in the adjacent ooplasm. A microtubule (MT) appears to penetrate the dense mass in Fig. 2 . Fig. 22 , X 34,000 ; Fig . 23 , X 50,000.
FIGURE 24 Section of a dense mass (DM) to illustrate the "pores" of the differentiating annulate lamellae (AL) in surface view . Two spherical bodies of increased density (D) appear within the dense mass (DM) but are separated from it by a narrow region of ribosomes . X 34,000 . FIGURE 9, 5 Later stage in the differentiation of annulate lamellae within the dense mass which is now almost completely filled with the lamellae . Note variations in distance between adjacent lamellae of the stack. X 34,000 . FIGURE 27 Stack of annulate lamellae in vitellogenic oocyte . Note consistency of material between lamellae as compared to surrounding ooplasm . Small granular and filamentous structures in the matrix between annulate lamellae are indicated at unlabeled arrows . Terminal connections between some adjacent lamellae in stack at (C) . Patent pores indicated at (P) . Ribosomes (R) . X 50,000 . The small granules (G) and thin filaments (F) comprising the interlamellar material are illustrated in the insert . X 119,000 .
informational RNA-protein" material (2, 23), a speculation that could be extended to annulate lamellae on the basis of the structural similarity between the pores in the two cases (12) .
Unfortunately, little information is presently available regarding the chemical nature of the annular material comprising the pores either in the nuclear envelope or in the annulate lamellae (32) . In addition to the evidence for the presence of basic proteins (7, 9, 31) , there is only suggestive evidence for the presence of RNA in association with the pore complex of the nuclear envelope (40) . While some studies have indicated that DNAse and RNAse have little or no effect on the integrity of the pores in the nuclear envelope (7, 31) , Esser (8) has recently reported in a short communication that both DNAse and pepsin cause a partial breakdown of the nuclear envelope and the nuclear pores of a diatom .
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THE JOURNAL OF CELL BIOLOGY • VOLT IE 42, 1969 It is clear that, during oocyte growth in Libellula, stacks of annulate lamellae are found only within the cortical, RNA-containing masses and in no other region of the ooplasm . Such a condition in itself is suggestive that the RNA comprising such areas may store information for they are subsequently able to exert an influence on the differentiation of a specific class of porous cytomembranes . If such a conclusion is accepted as a working hypothesis, then the significance of the continuity between annulate lamellae and the rough-surfaced endoplasmic reticulum in many other cell types (22) becomes clearer. Thus, the annulate lamellae may provide materials for and direct the activity of the attached rough-surfaced endoplasmic reticulum which might then function in the biosynthesis of a specific type of protein or in other substances important at certain times in differentiation and growth processes . An important point implied in this discussion involves the ques-FIGURES 28-29 Portion of two basophilic, cortical masses in which annulate lamellae are differentiating . Note the finely granular and compact appearance of the material comprising the masses as compared to the surrounding ribosomes (R) . The material comprising the masses appears to be composed of small granules (G) and thin filaments (F) . In other oocytes, the terms "yolk nucleus" and "Balbiani bodies" have been used to denote a variety of cytoplasmic structures, all of which are generally localized in the ooplasm . In some cases, the "yolk nucleus" only refers to a densely staining cytoplasmic mass while in other instances the structure has been found to contain arrays of endoplasmic reticulum, mitochondria, Golgi complexes, and a variety of other components . Annulate lamellae in variable amounts have been described as comprising a component of these regions in human oocytes (11), hen's egg (5), mollusc oocytes (35) , and others.
The transformation of cytoplasmic laminae into annulate lamellae has been suggested for other cell types (12, 22, 24, 39) . Further, in those studies concerned with the morphogenesis of annulate lamellae (11, 12, 14, 16, 17, 22, 24, 39) , it has been demonstrated in some cases that the source of the membranes is the outer layer of the nuclear envelope (16, 17, 22, 24) . Such may be the case also in the dragonfly oocyte . However, the method by which the annulate lamellae form R . G. KESSEL AND H . W. BEAMS Annulate Lamellae in Oocytes 199 within the cortical, basophilic masses in the Libellula oocyte is not clear, but two possibilities seem plausible from the morphological observations. One alternative is that the annulate lamellae arise de novo, that is, within and under the influence of the material comprising the dense masses . The only observation that would tend to support such a possibility is the presence of what appeared to be single pores within the dense masses . However, conceivably, such single pores might represent sections of longer annulate lamellae not included in the section plane . It was previously noted that a considerable number of membranous lamellae of different lengths were randomly dispersed throughout the ooplasm during the differentiation of annulate lamellae, sometimes in close association with the fragmented "yolk nuclei" . Furthermore, annulate lamellae within the dense masses were frequently found to be continuous with nonannulate lamellae in the adjacent ooplasm . Thus, the second alternative should consider the possibility that nonannulate cytoplasmic lamellae penetrate the dense basophilic masses and, as they do, become transformed into annulated membranes under the influence of the material comprising the masses . Included in this suggestion is the possibility that the portion of the cytoplasmic lamina not entering the dense mass does not become annulate and, therefore, results in the continuity of two morphologically distinct types of membranes in some cases . However, in other cell types the nature of the material influencing the formation and/or activity of the annulate lamellae is not as morphologically apparent as in the dragonfly .
As was previously indicated, solitary annulate lamellae can be found in oogonial stages of development and their differentiation does not appear to be dependent upon the presence of dense cytoplasmic masses of material . However, small cytoplasmic masses similar in some respects to nucleolar materials are usually located in close proximity to the single annulate lamellae present in the oogonia . Further, in oogonia and early oocytes, the differentiation of solitary annulate lamellae seems to be more dependent upon the proximity of cytomembranous lamina to the nuclear envelope . Thus, the individual annulate lamellae in the oogonia are always closely applied to the outer layer of the nuclear envelope .
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THE JOURNAL OF CELL BIOLOGY • VOLUME 42, 1969 A second feature supporting such a view is the fact that a single, short annulate lamella close to the nuclear envelope may be continuous with a nonannulate membranous lamina which is in all cases more distal to the nucleus than is the annulate portion of the lamella . Conceivably, the nucleolar material which is often applied to the inner layer of the nuclear envelope or the material associated with the nuclear pores, or both, may exert an influence on the differentiation of solitary, perinuclear small cells .
The appearance of annulated cytomembranes within localized RNA-containing regions of the cytoplasm is a unique observation with respect to the morphogenesis of these membranes . The fact that stacks of annulate lamellae only appear within these granular masses which contain RNA but do not possess a typical ribosomal morphology indicates that the material comprising the masses contains information necessary for the formation of these membranes . The material is undoubtedly important also for the subsequent activity of the stacked annulate lamellae . The cytoplasmic dense masses do not appear to be required, however, for the differentiation of the solitary annulate lamellae present in the oogonia . Such a variation may reflect differences in or magnitude of activity by the annulate lamellae present in the perinuclear cytoplasm of oogonia as compared to the more extensive cortical stacks formed later in the life history of the cell .
It is apparent that the unique features associated with the origin of annulate lamellae in large, regionally localized RNA-containing areas of the ooplasm in the Libellula oocyte make this cell a favorable one in which to study the incorporation of various radiochemicals in an attempt to understand further details in this unusual relationship .
